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(54) METHOD FOR CONTROLLING SEMICONDUCTOR MANUFACTURING DEVICE 

(57)Abstract: (^TT^raS) 
PROBLEM TO BE SOLVED: To suppress the reduction of margin due to f — - 
variation factors of a process. 

SOLUTION: The sufficient quantity of wafers formed with a resist 
pattern is extracted in order to monitor effective variation of light 
exposure and focus in a lot (step S108). A pattern formed by exposing 
both monitor marks is measured (step S109). From these results, an 
effective light exposure independent from the focus position of each 
wafer in the lot and an effective focus position independent from the 
light exposure are determined (step S1 10). Using at least one of the 
effective light exposure and the focus position thus determined, next 
and subsequent lots are fed back and exposed (step S1 1 1). 
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J^fiE-T -^©gfttt&tf 7 * X ©i§j££fT 5 

WiBVX^Cte. i!fJfB7xA±T-©^tf)7S:g£ftfi£& 
tBT-STt^cDg^ft^^^^-^. E:tfil&i27xA_tT 

©*2i Wfc -7 * — * x Sr&fiJ-r £ fc*o 7 * —a x^&n 

iS'V-i?©^ '>&< tfe— 35r**tr i 6:2^'7— *jWE 

Ban. 

mib^xaxku^x MR*stfrr*xs£. 

ifflfBU'^X KlillCtfUTsgl ©jta^ffla£fT?xa<h. 

SBi©iiHR«ia3a»fft)nfcu^x h jute** urn i©?£ 

aifflSSrff Silt. 

X^*fflliT^lCD^«LS7jifi ; #3nfcMi2W'v ! X hH$? 

jt^/OJ^BK^n^p-vx hmizit isTfn 2 (Dmmmm* 

etttt t3«c>-r s ^ ^ a 9 - > £ j^^-r s ii £ . 
«3tffla«. » 2 ©ai»«ia«. m2©^23i^a^. ^ 

2 (DJ^ai^a^. IMlt. Xtfa««ia«©<J>fc< 
ttit'^l -rfitfCliJ^T. mffB^E^A;? — >©t«§ 

emrrsn-nxsi:. 

3tffiS:^-7*-*X^S©^«£< <hfc 5 xa 

fiws^fa. a i ©m»ffl«©in»*fr. a«$aa»;:*s 

W SI3taa*t*tf7UTA»6SB2©3!llJ»«ia 
*<fTfe*lS*-r©5l*«#^rlB, $ 2 <7>flnJ»48!Jl7W&7 

£$T©5l#B£l$ra. U-vX MS©&flfjWI*7UT;fr 

1 ©ttf^aOTi&TLT^blfl 1 ©ftaijfflffl^ff^tl-B 
*T?©§i€r«*«fBi, 1 ©J^U«ia*^7bT^ 

OS«M-r*xet*^tfCtS«F«i:-r4#*«:Sljg 
£B©iMSiP#fe, 
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wltuvx hijg©&ffi^ba£:ft&a&©-i£©$aa£ 

ff^. «3ife«3ttatttl!98BtB:*ttioa609xA|Bl© 

p B i©^i&©'>&< <»:*>— 2r£*tHU stasn&aeftt 

8a*^»ma3ti-5STtcff^*i-5&iaa©ffia*^s 
tf&aa am © ? i § s * b*m t © « mm& z tnt'ti** 

t»»a*wi«-fflSM©§i*«*i$iw£ttffl-r*xe 

IB39*. HftOfiA|lll?-)ltft;«J:5i:. l/^hi 
flLT. HS2©7xA8M::*fUT. l/^MO/^ 

->£»j*-r*xet*$tr£££#«£-r*i»#JB i 

K«Etto¥3M*:«it8B©IHW;tFas. 

a:<tt>i r3*«r*xg-ctt. 

Wbti/yx h^©a^*^esi7t©aj^©— &©$aa* 
fftv sji^gfjtsMiajiB^ffitwMw^xAia© 

£M. &tf^i§&X*-*XM£:!3:/£fii<fc©M©7xA 

m<D&me>'j>u< tb--jj&wmL. Mcffisnfc*»t 
BMfB^xyNXtcu^x hJs^^anT^ei^U'^x h 
K^sasaaan-si-ctcfftjns&Aaawffla^fra 
t^&fflaiBcJSifrafri^HtasffiHiwws-tn-^*!** 
30 &xe<h. 

fr»ffla*^>tt&fflaww5i*«#«nw*»ar*xs 
t. 

S2ffl9iASl:*fLTl/yX M&w&tf^'E.Siftiaa 

j2©-a©«aa*fTc>is. amanit^a©^^* 
i»ttft«iaiw©gi*«€ri^iBj*f xAtttcjaa^frSBS 

40 ItU >7xA^tCf3teanfcttt*i*^n^:H«<t{rS 

■^t, tttuanfcjaaKnrofflaajffla^frR^ftffl 
«IB©9I*«*I*IIII0>*&< £%>— ^^^xAfttc^B 
IT. &9i/\±l;l/yX hR0/t^->$Mti,I 
S i * £tt C «fc tf £ SB* « 1 (CIS©© ^aUttgi 

[s«5R«4] f-femrgBii^M^^^v-^^ffl^Ttib 
ttSUvX hl&±©^WftiSft«©&ft£. 7*-* 

- >RZ/7 * — * ~ * >©«ffi*7*atii| U 

so T*5€-. 
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[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] TX^7±(7)ffiiiI/\ 0 5 7 ->^^ai/M:{cS^ 

R, i»j*»«DOFtt±<a6*lfcaT«>SCT#A6*l 

[0 0 0 4] 
[Rl] 

R = k x — (1) 
NA 

DOF = kg ±- ( 2 ) 

MA 30 

[0 0 0 5] ki, k2tt^PirX«iSc-C*^o 

[0006] da)2o<D5SttU'-f u— osctmtonsfc 

[0 0 0 7 ] ^l^UtXV-y>T)tUy^77>{ 

t#th*. ^xA±tc^(25 i *y ;/£r*ji;i£ 

^•^STBftLfcOfcOTfc. PEB (Pos t E 
xposure Bake), f%1&(DO ztAjSl*!©^^ 
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[0 0 0 8] •3ta<DSH»^rffitCt?^Ttt. (1) 
*«*S*^»3tfiS*«6S#«, (2) U5>X h/1 

[0 0 0 9] ;^->o8S0)8l!igH 

[0 0 10] 7*-*XO€-?*Sil/Tlt 
(1) x^^---*X(Cj:^S3fe^cO^:-^v--^<0^ 

ft*»*ffl^T7*— *xtm-iB-r*^<^ (2) 

[0011] S£*CD^^— ^JX^E-^T, #X<7) 

PirX^KSHS:ffl^T8^V-^>S:#xiJCffiffl'r 
[0 0 12] cnSCOClttt, ^7t«ffiS, Xtf. :7* 

^S^^Stc, S%SBa>R)eig%S. PEBiB^, si 

[0 0 13] 

[0 0 14] ±E*«**fltLTfiKSnfc 
[0 0 15] 

[0 0 16] (l) #fBW lc«to*¥«M* 
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m^tm^-9^-9 . Rztmz'y^/\±.-?<nm?mtii7 

mwfimtotircUi/T. hmizttLT& i (D&mn&mzn 
oTMt. mytmRzf7*-xxfow&mm<Dm.izWL'fe 

i^x h^c^LT^Tt^a^ffv^ bMbi/^x hR 
\z. mttt-?^-9\zftfc-$-z>mm* : %r®.rz>TM 
t. mmtwi&zntzUiST, hmizMLxwi2<nmmm 

izms-afsmmmzfToumt. •m 2 (Dmrnmrntm 
ntzuisx bm&mmmmL* mmmzttfc-?z,*:=. 

at*. s^siiiiro^Ktfei'c^i >rmiz$>^ 

mizzntz^-z/^—ycnvimzm^T. mtzvi; 
x bmizttVT'fTfrntzmyt&miz&tfz. m%>wm 

t. *&%ntzmmtem : ftwokuy*-t>MiLm.<»m 

mytmmtmmizmtvm. a£tftcsii&x*-#x 
m£.s&j£mt<Dm<D'j>te< tt,~-jjzw.iii?2>&ni:m 
t. wmzntzmzmcx. 7t-*xetfflim 
mft&<Di&fem. w, 1 mmMmv>ijam&ft. mm&m 
iztmz>mm$it¥, mytmmmTi-Tfr<bm2 nmm 
i&mm frtizz-c^zmzmm. w.2 ©nusaaaaa* 
mr ix*> e>g§ 2 (Dttwmmtm t)tiz> s T-rosi 

fHf [Si. IB 2 W^^a^T LT^ big^S^^teS 

a^si 1 (Dm^mm^m^n^^x'<D^\^m^mr^. 

W, 1 C7>JD^®S^7LT*^^ 1 (D^m&Wtffttitl 

[0017] ^m<Dij^.L^mmm^uTizm-r. 

£^MT3XHTtt. tt&CD^iATtfSsK^nSfgl <£> 

^xApro&^iAictt lti^x Mlw^^gSft 
fitiCDM^^xA^ro^ift. &c>'ftiI&X*-;*JXffii: 
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$tiT*>bii^y'x hmt>mm®:m2nz$.T'iz?rt}ti 
z&mwoimmtkftjsczf&mmrstti z^zm m t cots 

mx—fetti.z>£viz, l-->-x hmtfmttzrLtzmzfr 
[0 0 18] ©Ji&fr, Rztmmr$(D5\£m£mfflv>'J> 

*-#XMi:I£^M<hc9Mro^xAF.3<^li)<7)^&< <h 
*>-#£lftfJU Sm^tlTt^ifttSfflB^xAJilcl/^ 
X h^*^$nT^e>^ly-^X H^'^iBlS^tX^ 

^ifa&iiTtftRtfx * -f} X < t *> i: © 

m%^M^i>T.mt. S2fflviA»l;WlTl/yXl- 

ntz®®<D&m&{*m^te&m®m<D p J \zmzmm&'? 

x/\Stc*aiI^^*tBttb. ^x/NSfclBtS^tifcffit 

a- ^ - > £ ff^/s -r ^. X U £ £ # tf C <t o 
[0019] ^tbrntm^tm^-^^-^^m^xm^ 

x as <r> -rnm<D mt t tc z> m m tWe - 9 a ^ 

- > & X * - * X t - 9 A ^ - > CO ttffi ^ ^ It ffl b 
40 fcX*-#Xt2/£ffi<b»M£gLaJ-f -Set. 

[0020] ±.tzmmz&-DT&cF 

[0 0 2 1 ] U-i^X MKC3IS*«I/j:«3tikS:^7*— * 

x&sS'W^-r-sfejexosi^M^:— 9*9— >Rtfy* 
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[0 0 2 2] 

fo<nrt?-><D^m^m*mA.zc£\zGmt^mmiz 

2 {C^Ti:^, g^tC&ffiT^VX^ 2 0 0t;ite, 5 s 

mx/^->2 o lrf-s&nte^y't is><ym®,2 o 

-^7 2 0 3JgOS7 *—h7.=E—?~?—2 2 0 4<DMJj& 
[0 0 2 3] y*-t)7s"E-?-?-t7 2 0 4te, 

[0 0 2 4] ^Ttfi^-^V-^ 2 0 3te, X*-;ftX 

izsizfkw^mftm<D&\z{&wLTu>>x Mc/t^— 

[0 0 2 5] #3&6fiJgffiTte, *D^h (^2(?)^xA 
^L/T, hl(^)i$ (Xf77'S10 1) , St3t 

missus* Uf'^s 102), »ai Uf^^s 1 o 
3) , m?t UT7ys 104), s^ornm uf 

y?S 10 5) , »ai Ufy^S 10 6), (X 30 

T7ys 1 0 7) fcffHU^X hm^A 0 ^->^r^/5ET 
X^^^SIO 1-S10 7©I1(1 fi£^fft)tlT 

[0026] *tc, uzsx b/v?->fimf&2tirz<yx. 

(X^y^S 1 0 8) o M%<D*:- 

Lfz/vr-y&mfe^rz Uf7^sio9) . cine 
o) . *»6nfc^s»w*»jtaxtX7*-*xfii:B<z) 

Ufy^S lll)o 

[0 0 2 7 ] £~T, SJtfi^n^^-^Srffl^ifc, 7* 
-*X{^C«^U&^ii^ 

[0028] vx^ici^/SSft^s^a^-^v-^tc: 
te, CCTte, Exposure Monitor Structure (Alexande so 
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r Staikov. SPIE vol. 1261 p. 315-324) Tti*£nT^ 

vx^/l^-><^jgiagfi:S7tgPO^}*tfc (t^l-tV 
-it) £, ttfflrs*a»«*««Jc43l^T«HRUttV*« 

[0 0 2 9] iE^yofcfta^-*'"*'-- 
^^^fo S3(w43^T, 3 0 1 ttifi3tB5* 3 0 2 tsa 

[0 0 3 0] *5BW#tt, «fflT5«3e*fr*<. 
fiA = 24 8 nm, N A— 0 . 68, a = 0 . 75, j& 
R^2/3cD^ffirSgWTfc^C < i:S:#J«LT, VX^A 
?->lZ&VZ>®tfi%: (l&&±(D\B\myt) te&&U> 
XO»l:A6f, DSLilJt (0*I3»#) <D2«W«HCA3 

P/M^A/ (1 + a) NA (3) 
(Ptt«3ta^-^V-*<&e^, MfiKJta^E-^ 

[0 0 3 1 ] @4fC«, HI3(C^b^S^S^EZl^V- 

a- a t mztmT&ftm&m.ft$i*7K'to <>x;mi 
ten, ^T@w$n&o*igsf3t©**«Ba» 

"TJ:^fC^^7ta{C«LTg7ta : €:^^/^->.5 0 
l<Bfi3D#^{bLT»/£Sn-5. 0 5 (a) U^tAffl 

/h£ h ic^/££n£i§7ta^~^/\ 0 ^- 
x us (b) «»)ta^€r^«^{cu^x hJcjgfie 
£n-5^a^~^/^->£^¥BiaT&£«> 

[0 0 3 2] S i 9XA±t;:SgjfJc*Xt;>a-- 

5v>^£, Mf&mm&isTmttmn&mwikm mm 

6 0 nm) ^ML, $ <E> fCX hf >3-^ >r >^tCcfc 0 

fb^ign^^v^uvx b mmo. 4 um) zmj&is 

fro Z.(D'&. lOOt:, 9 0»T^U^-^«lS&ff o 
(PEB) , S«*MB*ffoT. 1/yXhgCi 
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[0033] mytm^-prtf-xotejEZft otz&. 

A*-rx/N°^->(Cgii^^7tS^fiiT*^) 1 5m J/ 
cm2 £+.[>K±2 0%<7>f5HT^7t»M£^ffc£i±T 

[0034] E6 ten RmmmtLTrnztifz^?- 

^W-MiO. 6%coiiftS^Ijfj£^m^T&£;i io 
ttftlfr-ofzo ^n^ctD, ^3tfi^-^A°^->5 0 

1 0 0%£LT^£o 

[0 0 3 5] ^C, *V-*Rtf«Jfc« 

n9->*w*$iTz>tz#>\zm^tz. 7x^cM$nt 

7 0 111 **aS<Z)*5^0. 2 5 ^m, jfc*Hffi0>4B#< 
0. Umi*»b«^t6«<^oTM 
$lTO^o 5^/^->7 0 1^0. 2 5/£m<BfH 

[0036] *S89i#tt* ±e«*at ; E:^/t 

7*-t)X$:miLl,tzn? £LT. m*\Z$izbZ> 

[0 0 3 7] Z.<D7*— #X<£>1$iEffiS£H 

3#COK«^*«6T^3V^Co 

[0 0 3 8] 0 8 fC«, 0 6tC^Lfc^7tS^IEft^{C 
(07) tflHTl/^hBK:»*Sh*/V 

[0039] w. ±m&JE&m*M&rzmiz&. mmt 
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TillT, 1 3. 7 4 7 /im, 7 * — * Xf4S<D^*7 

[0 0 4 0] Hl«caeoT*3tt*IB*£tTlCffJBUCtt9J 

(Xf7^S10 1- Si0 7) lO^h^iASi 

S 1 0 1) , (Xf7^S 10 2) 

(Xf7^S 1 0 3) , UK (X5^y*/S 104) , i 
yt'&<Dtm Uf'^S 10 5) , S3 Ur7^S 1 
0 6), Ut7^S 10 7) SrffViUvX 

->^MI§o ^i, lD7hH2 4ft£D^xAT« 

[0 0 4 1] (Xf7yS10 8, S109) 

(SI 0 8) , in 7 h (2 4tfc) ^O&^xAK:*^ 
T, 5 ^3 *y h^g^fi^-^V—^&tf^-^X^E 

icrn-a-r a (s 1 0 9) o 

[0 0 4 2] (X^^^S 1 10) Xf7yS10 9T 
0D»Wtt*^6, 1 D>y Nrt<B&9xA<0^fTM&»3te 
IDE (i) (i=l-24) , Rtf. :7*-#X{igF 
£ (i) (1 = 1-24) ^rSiU^ £>. 0 9 tCH 1 D -y 

htHvmmteUftm&mfttt&Tftvtzo ^rz. mio 
\z\z* 1 h^y^-tix&m^m^^vrzo 
[0043] 1 n v bfocomyem^m* rzs. 7*—* 

□ 7 hffii^ip, IIhUCSAT^P^ h<0«« 

s6*l D>y h*fi^oM^D7 h8ja<0»^fc:tt, 

n>y hrtCD^x/NCD&^n-feXOL- *y h*fttt*ttW^ 

xn7hfii^^xA(t ynirx:i->y hotttt^ffl 
[0 0 4 4] (Xf7ys 111) ^^T\ ^I*] — n 

y hrtt^x/\«n^i:, ±f2s 1 1 0Tiie>n 
tza>y bto<Dtmmxn»iti* 

[0045] K^snTi^agjtSD 

S^xAC0»^eSD (i)W7t-^XfiIF (i) 

-en, 

[0 0 4 6] 
[ft 2] 

Di = D 0 + D (i) = Dg + (D 0 - D E(i) ) 
F i = F 0 + ?(i) = ?0 + («6 - ?c(i)) 
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[0 0 4 7] ilfc, 

[0 0 4 8] mi ofc^-Tcfcoic, y*-t>y&m 

[0049] w. ±B**0raa, yx-xxornm 
^ y-? t j-y<D E*> t>\z*y^y h*f*ioLT*3t-r^ 

[0 0 5 0] ^CT^HJ^ti, 07 tC^L£::7*-*X 

9 OK[nMEL;fcfc<0*&Jb^TSa«U 20 

0^^(^<h0^f^cD/\ o ^->(c4D^^*l^i:^OM^ 
0. 1 5 Mm#ftTS^t7&*8Etcte*^T^ifc. ^Oj; 

[0051] ^^--^xcD-rn^^^jwcr^^^-r y 

aj^-^V— i7*Bl 2 012fC^ 
-fettle, 0 7Pc^L^:^^-*X ; E-^^— 
^7^-^X^7-^ 1 2 0 1, 1 2 0 2M^(: 30 

[0 0 5 2] -hE»5e*^£-^^-^fc«^TIx>?X h 
-^-^ 1 2 0 1, 1 2 0 2©mv, »OCLh» 

^ffitETFlcS?-. 40 

[0 0 5 3] 01 3fCte. 0 1 2<£>:7*-*x^-^7 
-*120 11. 1 2 0 2ft«tLfcB*A5hfcJia 
W & ttUt fi t c *t T -5 2 ^ fa (D y * - jj x ^ - ^ / \° ^ - > 

£ 0 *«W#tt, «3tafCJ:0^^->fiWv&UCwh 
Sftfi^ft-rsfctoc^, yt^ K7^-*Xf^i£cT(i, 

3W*^:i(;fgLfc s fCT, 01 3J; 

h i^t^^-Axco-rnfi^^M^^^fe^c: so 
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5, 01 4lZ7&TJ:'5&&]Eib16Ltf&*>titzo 0 l 4 
[0 0 5 4] ft, OSJffil/^->t9 0g* 

±tfz>m&\zfc. 7t-^x ; e-^->/i^fbn 
[0055] &tz. ^mzomt9 om^o-?-?* 
[oo5 6]«±(Dmo, y*-t>y<D-?t\jj\%\z 

^<7t-^Xa)fnMiiEt5^i7)^ 3£fCS 

[0057] ^fe, •e^te^si^acD^fidfcj^s^n-r 
(c^^-^xfis^-rna^^ri^-r^^ffi^LT, & 

^-*X^|ftS:U>?X h/^ — >(Oft«^ft£LTft«S 

"T^tiWSfflOiTfccfc^^ OT^tf. #x<0£»£ 
u^x N/^^-><7>ffiB-rnt LTftiaj-rs^-f 

t-^Xtz^T-^chLT, il5[:^fj:9^ Ph 
ase shift focus monitor application to Lithography 
tool control (D. Wheeler et. al. SPIE vol.3051 p. 2 
25-223) tznmZtlfzTXZ&m^TbJ:^* 0 1 5tC 
*3^T, 150 1fJfifflgfi*7X, 1 5 0 2ttf4*gje 
^fttf^X, 1 5 0 3Hl«T^^ o -(7)7-^^ffl 

tc cfc o rf# 6 nteaftii t ^ *■ - # x wtni t <d 

»^7^-*X0KiEfl^ ( hLT^T4Dt, 

jE*«m*s, Uytmmoiyx-jixwcfemzyj-Fn 

[0 0 5 8] £fz£.£>lZ. ^(Df&CDMytMCD&mizmW 

£n?izy*-tjy{iLm<v^nm&±-??z>^m£i, 
t, ±.mi-rzy*-tj7,^-?^-?&ftizmm»tmu 

y?-*lX : £-&'?-!7lZ'D^TmW?Z>. 016(1, 

y*-ti x^e-^v-^ <Dmmffif$L&mw'?z>fziibo)b 

<Dr\ 016 (a) ttWfffiH. 016 (b) IWIHT 
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[0 0 5 9] tZ^V-^H YXi70f/HX/^" 

ti^o 016 kjsht. 1611 \^n^7sm<Dmm& 
«, 1612 a^a^iR* 1613 izmytmz^o * 

Ac, 16 0 1 tii^TtSi 16 13 tc^jsESn^Jgv-^ 
(ft 1 (Dmom 1 6 0 2 tt^aWWE 1 6 1 2 fCfl£ 

mmmi e i 2 a. tx*i:»bTaaw6x, 

[0060] m&^—tr 1601 &mtiii,izf&i<Drt? 
-ywmmmM^-v 1 6 0 2Sml^2 0/^ 

Snt^S. tLT, S^T-^ 1 6 0 1, 1 6 0 2 

InlOOMAfO. 18umt% $^Ct:7^0. 36jLtm 
if^Tt^. ffi. »2(BMnfflT&*S^-^ 1 6 
0 2<DgS#T*4* 6 1 2£iijSf £S30:<>: 

1 6 0 2£®irr£g7t3££tC9 0gtf>&ffl 
«»fc^«S*«iii*ftTlr^. ceo J: o lz-TZ> Ctiz 

ioT, ^awiK«s©a»v— ^ 1 6 0 2 jet 0 ^ jca 

Htf(7)^V— ^7 1 6 0 1 tC cfc 0 ^oiAJitC^^n^iS 
i;^-><h©7t-^x^0F B 1(:fn^i;, EI 1 7 
IZtkT&oIz. 7t-^xeii:»lTS^/^-> 

««(&/^ — >^ffi<0M£^— 5^:7*— 2>X 
*C»UT*E8«^Xtt*l8iijtat-SCtS:f»JfflU, ^X 

T, «3t, S«!£(Or>xAJ:(ZV^ — >^i*<7)M (L- 
L' ) &®\7£'TZ>Z.£T\ 7^-^X^fni^]t) 

[0 0 6 1] ££K^Jg£±tf HI 6 

tc5«, miR^m2o/^->^co^'rnic : b^ 

9 0K&ffl?£«:J$fc1*\ SS2<B/^ — >fcS*STt4- 9 0 
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a"r*flt3t**C**bTffi«*S«-9 0gf^L/:¥S 
$nf:Ii*7-^(^7^-^7°t:WLT, ^bfcT 

10 [0 0 6 2] m> ***»»»C*ir^Tt4, ^TtSS^ffi 

Lt>5l5«*Kfi]K:»j«-r«*W4a:<, +*««fcO*>ft 
bT«UB*»»-r-B, £bfC, ttffl-TSBJtftfrKlio 

[0 0 6 3] m 6 tc^LfcX^-ax^-^v 

««Jc*WS^aWRBBtB8aS5t«)Wfft>a^UT'b 
cfc^o BP'S. BBPSBTHSnT«»*K»4«»a)4 £ B 

[0 0 6 4] **»*aiTtt, *2(0/^^->««Tf* 

at?-^ 1602 saar^sjtJtJc^L^cosiasrffl 
a-rs«3t3ttc:ffiffls*»fc-&*fc»jc9 osogmbu 

*»ofc#aWRl6 126ttfflLfc*«, 

9 OJK^E^Snfcfc<7)t?t47&:<, igftSBcoS^v-^ 

1601i, *Iira^)IiY-^ 1 6 0 2 <h<Z)^X 

h 7 * - a x & s ^ f t & * u $ i± £ t> <d t * n tf J: H o 

*fc. *a9JRiUTtt, S i O2 • RSffc^'J:/^ 
40 S'U-iMF (MoS i ON) , gfl^ »J 7t>zs U 1M 
K (MoS i N) . jfcft^nA (C r F) . >?;U=3-^ 
AvUlt-fK (GrSiO) d 

[0 0 6 5] 0191:, 016 ^^Lfc^^—AX^— 

^^-^<©^awM»taa«#i:<Dffi*Biit7*--* 

^>^^--^X"rn»co^m}S^ibTt4> 0. 05wm 

50 
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[0 0 6 6] 
[R3] 

®S = — 



- 0.8 



f7t-^X |Affoeuej 

[0 0 6 7] 0. 8JK±**4&g£:&*. C<DC 

[0 0 6 8] H 3 K:*LfcV->fil>H:i»^ 

&mm't2>$"(7-cfoz>ftm2 o o o - 1 2 4 2 5£r$g 10 

[0 0 6 9] ^fbC, t>5— 0»JO^>f ^tLT. 

[0 0 7 0] «E*(0^to1*-ffi«-rntft3iESBJCfflliTl^ 

<ZT7-*&. {^ffif ^^Tt^gA, ffiP&NA, 20 
M, 3t-l^>h77^^-a, fcfy^P (^x/\_h& 
£Lifc«£\ _hfE (3) 5£<B*fr£fltJ£-rntf 

M^o/:l/yX hA^->^Mt#5 0 fit, 

[0 0 7 1 ] 02 ocit Bt^fi^-^-r-^ 2 0 0 0 

2r^Lfco 12 0 fC^TgTfcffi^ — 37V— ^7 2 0 0 0 fc 
te* — »Offi»fi[K^aifflA^ — >2 0 0 4 (2 0 0 4 30 

a, b) znz<nmi&m&thm^?-->izt%3ift 
fc&ytm*:- 2 ooi t^x«i*rsj (— # 

>2 0 0 1 *x**|ft^*f LTiaSE-r*y«lJCi#LTj* 

fri^fc, -**(Z)y«i*r&ifl:jirtia«ffl^^-^2 o 

0 5 (2 0 0 5 a, b) *^»J«atlT^*. SS^a^EX 
^A^->2 0 0 1fl iD/^->2 0 0 2<i: 4 CICO 

SB 2 0 0 3 i^^^fiSc^nTl'^o 40 
[0 0 7 2] @21 fdti, K^a^&x^v — 47<McKfll 

anfcsi*fi^E-^ss2 o o 3<o«B«rics*-r. 02 

1 tC^bfcKJta^x^^ 0 0 3tt, ^fflT^^^tlS 
S (IMS2 4 8 nm, NA=0. 68, a = 0. 7 

5, *M»«5iRa2/3) KS*>i*T, e^^p (*xA 
±) *»«ISS?-JKTa> 0 . 19um£U SiM£j&7t 
gK^xa.— Jtfia»a»*0. 6 2 5 nm^U0 

SSELfco 50 
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[0 0 7 3] 0 2 2iC^, gfta^X^V-^ 2 0 0 0 

Lfc* B2 2f£*5l^T, 2 2 0 0lil/yXM:X7V^ 

*5(^T, 2 2 0 2IMn/^->2 0 0 2^iil/:l 
3tt3tiXy^3ttSS«2 2 0 0 t^SSb, 2 2 0 3 

fssjta^— ^«2 o o 3saabfc*)t3ca*txy 

i^%3ftft2 2 0 0 <h<03£/££?SU 2204a. 220 
2, 2 2 0 3, 2 2 0 4 bll 7-? icMSftfc/^ 
— >2 0 0 4 a, 2002, 2003. 2 0 0 4 b fC*f 

[0 0 7 4] I32 3te. 02 0 (DMytM'E-?'?—? & 

-A' W^^lt^D, 2 3 0 1 (JI'Tti^ X^ 
v~^tc*t^LT^$n^:g7ta^:x:^A 0 ^-->, 2 
3 0 2, 2 3 0 3fiB8a/^ — >2 0 0 2 RZtMytHk^ 
~5>V&2 0 0 3fC^UT»iBKanfcX^^«JBKfi[«, 
2 3 04 a, 2 3 0 4 bliffi#ttI«aiffl/^->2 0 
0 4{C^bT^$nfeffl«{iM^mffl/N 0 ^->T* 

[0 0 7 5] bfc*^ Xy^3tSft*2 

2 0 0(^)fiiltltl, ^^fi^:-^SB2 0 0 3(Ccfc 
§X7vMfil2 2 0 3 -£-fttC*ttS 
T^Sfta^X^/l^ — ^X^i^ 3 0 3&m&z/7 

[0076] mmmytmmo&mte* &t>i± 

2 3 0 l^ti^IM' <hglfiIftffiffl/^->2 3 
0 4 a, b(D*>b&mM<Dmm&?timLA£LT&itti 

[0 0 7 7] ±8B«f3tfi ; EX^/^^->€:ffl^TI8»W 

[0 0 7 8] ffi, ^KJtS^x^v— ^tt, 

TRB»a#*rt*»Bfc« KfcffcT * ^t*n9-> K«3S 

ffl^T^o, ^fc-arfiit-rna***- toi^ffl^t 

[0 0 7 9] 4ftffi«5flEr6j±0>7t«>^tt, EJta^x^W 
£02 5^12 6(C*Tcfc5lC2^ Sfctt, 40CT 

[0 0 8 0] ^/r^Ii:7t-^X^^x^^ 
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Tte&<. X^-ftX^E-^V-^te, ^7tfitCfe#-tt 
f. X*— #X©<^tic??LT, hA5'->i&M 

-^v-s^i. x*-#x{m{c&3Ht-fgfta©#-{c 
x\ S7tftt7*-*7.^^SibT**?). ^p-^htc^ 

[0 0 8 1 ] XiBHSSWC^Tte. X-f-hV\* 

y^fttLT. &P-y N©il*© r 7xAf;:*fl,Tg7fcS 

[0082] 127 izm-r £ o \z. ■mmtmytm^w 
dibits Uf7^si0 9) . x*- *xeg{cft# 
L^^H^M^STtS. *2lW&x*-#X{iB£Jraj 
T-2) (X^-yXS 110a, SllOb) . ^IT. # 

^tSSTTS Uf'yT'S 113) t^(C, 

^#j&x;*--*>x<iB^e>#;p-y srt©§7iA©7* 

(X^-yXS 114) . X 

e.. x.uy hft<D&<yjL/\<nmmmffl<D%.mm&3f<.iibz> 

Uf7^S 115). ^KLTfcMH. 02 
7, 2 8f;:43(AT, H^tlfcXgtt. 01©A-BRi? 

[0083] mftmwLfemjkTmm*r$w>v\z. 

n*$T©§ISBSPSIHJ, *l©Jlli»l*«»7l/T*> 

^ 1 »!^ai5as*t*i7 «jta*Hia&sft* *x?© 
rmytm. 7*-*7.{z&w*Rte-rrt5*-? 

[0 0 8 4] (SB2©l6«i«ffi) SB2©*M«»tC*JH 

t. ?i©:©p-y h**»ttjaasnTVia«^c»ixT. 
^fi:D7 M^wa*— >©-m^ld£«i;L5 z^tiz^M 

temmwiz-o^TOkT. mi<Dmmmmx\t, itutm* 
mmtt.uy h®®<D®&iz*}LT#®x3bQ. mz, 1 

IsltCgA-f £P-y h<DMm&l Py H ¥&©§£)£© J; 5 
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%*mm\z*:?>r>T^z>z\£\zmmi,tz.mmm-T!&iit. 

[0 0 8 5] □7FMCXD7hffl©9 

•y hic*3^Tt)it»w^Lfc«rm^*-r«^(c*r554^c 

P-y hfSJ©!^— P-y Krtffl'7iAT*oTt>7'otX^ 
ft^ldlBj U^aiTtefc <, iffla >y N tWfiARSJIH 
io fJP-y h©S5§TP-^-y h©ttffi75W<c-?T<£>fc 

& ©J fflWT $ ^ C t tfi&fr r> tz. 
[0 0 8 6] -e-d-X?. miro^JS^^HJSLTci^^ 

tf. X^-rtX^WfrlfrtCttLT. ±IBP>y h©&^a: 

AicWLTM$nfcS-a.--y h^p-fexjafflwffiffi^— 

[0 0 8 7] fit. *<DJt«l/fc7 i -3'*^ 3 PJWfU. 

20 ag»*#*.T«r»4©^*»mf sxs. oso. fans© 

ig^OL-y h^p-lrX^fr^tttB-r^xet. ^-©ffllS 

Jnufc. ^ux, ^©^-^A^feeA^a^^p-lrx^ 
frroii^^nwfflaz^ ^p-fcxTfflssrr^.fc^ 

[0 0 8 8] H#«J&^«*B2 9, 30izvt-^xmm 
(7,f77s2 1 o) xtess 1 n&mmmnmm Ur 

30 7 7*S2 0 1~S2 1 0) ICfcX. lP-yhWgftS: 

awe l- fee*, p-y v-pw^imtmitm^mftm m 

9.) . ^7t-*XfflM (01 0) 
[0 0 8 9] (Xfv^S 2 1 0) 0 9 iCfrF^Wft 
8*a*»»ffit. *£ffi§lfi!£B©£-^-y MalcX'P 
-feX©P-y bl*l©. 4MftJl*fr <*3t«t7*6lt*«© 

*n«uaaiBi6*Tf©§i#«#^iKi, ^^©fln^a^ 

7^b^MSili&SX« ? ;ltlgra. ^^©ttl^ 
«iaa«)ftaifflJl»73&^a««LJSB!te*-r«)9IS«S 

mm. v-i>7 hmttm7frzuXf&<nm®M®mte&x 

[0 0 9 0] *^SS^ffiTtt. SBl©*lfi»aBTt>SE'C 
fect^(CP-yhrtXr©7*— *X iiLS&Mte'P&fr r> tz 
©Tr. B3taB»©*Ct3t»Tffil!BI««**«)TV»* 
fr\ 7*-*Xfi[BB«l»CO^T ! bffiMH«S**T'b 

[0 0 9 1 ] (XT77"S 2 1 2) *a6enActBKB8^ 
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[0 0 9 2] Ufy^S 2 1 3) tttHSnfcSDtWJP 
T0 3 l i:StH«jJ«*5Citf»*ofc. 

[0 0 9 3] (Xr^yS 2 14) fCT, *Dy K 
[0 0 9 4] (Xf^yS 301-S307) #p-; 

[0095] M©MW36rtttbT, KTJc^-rsi 

S¥I#Sl©Bifilioi|iJ)J*So«»«*«t7a 
-ft-h^^ 0 3 2tC^T— ji<^xe«, 20 

[0 0 9 6] *8ftWtt«3ta«»»*JC»U 
[0 0 9 7] Uf7^S4 10) Xt7^2 1 2 

[0 0 9 8] Ut7^S 4 11) SSJfftfcS^iA 
Ac03 1 tc*r««F««FlBi:^«ittai3ta*»t©H 
[0 0 9 9] (Xf77 p S4 11, S412, S41 

3) *a&snfcfi-9x/\a©ii«!iwttai3ta*»a* 
[oioo] *r<Df&m. m$?tmzuy b&mmi,*im& 

^x/\{C^^Ti^-/cC*^W^Sg^a^ (0 1 OlZTjk 
[0 1 0 1 ] 'MC^CT, hftCT^xA^ 

[0102] ^ifijgfiiTte, 7*— axss&tcisLT 50 
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[0 10 3] (ft, »liffiH**»6nfc^L-!y h 

[0104] ^Baafln«(c«HnftS3KaiE 

[0 10 5] ft*, *3BWtt, ±K^K»»«clBftSft 
[0 10 6] 

zSTs bmz^&mt£mftmms7*-i3 7s&w*mfe-? 
e>ns^w/j:K5tea&tK7*--*xfi[at, sas^s 

^a&^^-*Xfi[a<h©MSr**-5C:t*tT#-5. 

^-\zn\zm^m^-i^>m%^n^m^<ou^t 
tfamtteK), 7n±:x<D$Emmz&K)*kcz>^—i;> 

[0te^ffi¥^ia?g] 

[01] Ki©^«»»tcfft)*^W#»iSig6!)iBl» 

[02] Si ^j|fi^ffiic«t)^^x^co«li6#|fiK** 
"f¥H0o 

[03] si^jaflgjgfc^^gijta^n^^— ^<z) 

[04] B3fiST*fta^i*v-*s*xA±i;:e 
[05] 03 Sfta^— ^T— ^7^UTl/yX 

KiKfc^sn^«^a^x^v--^<7)j^«a:^-r¥S 

0o 

[06] K^a^r:^— £<&/^— >ga*e«5fca£ 
»*fc*a>ttjEtt«**-riB. 

[07] fRl <D3zmBmiZftt>2>7*-X — 

[0 8] «3tMKiEft«(C«t^TKiE$nfc^W/j:ai 
3£&l::*5l;)-5> :7*— ^X^E"^— ^tf)A^ — >fiW 

^7^-^x«ti?ft^7Km 

[09] 1 hrt©S«(ilM*80«i»**iSt 
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[010] 1 ay hfa<D$&&ttitey*— *>7>m<DMW}ft 



[012] 7*-t)X<D~?tlJj\t<)hmmT*£Z>y*--t) 
[01 3] 01 2<Dy*-iJ7s : £~?-?-!7&mytl'fz 

[014] A°^->SWviWh(!:a)i«h7t-*Xco 

[015] y*-*x<n^m&^?-><niiM°Tntv 

^"T0o 

[0i6] m%m<D^m\zmmzn~?\z7 mzw 

[01 7] 01 6\Z^-?y* — #X^-^V-^£ffl^ 20 

[01 8] 01 6 \z^*ty*— t>7.=t~*?-?-9*¥<o~ 
&mt?y*-tixt<DM&&^T&iE&mz^-?mo 

[01 9] 01 6 iZ^kLfry*— ?<D¥ 

mmmm t mi&mft t oy&mm t y * -* x ottmatK 

£^-f¥®0« 

[02 1] 0 2 OtC^-Tif^fi^-^^-^CD^fi^* 
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[02 2] 02OfC;^t\ gf7tg^~^v-^cDA- 
A' ^{C^-T^l/^X hiTCD^S^Sr^-TSc 

[02 3] 02 0tC*t-»ftfi^— 9! 
«UTS*IW{C^6n/2:U^X h/t^->(DA-A' »r 

[02 4] 0 2 Ofc*T«3fc«^~*V-*«:«3te. ^ 

[02 5] 02 OtC^-T^Tta^n^V-^cO^^JOD 
«EB§^^^T 3 P®0o 

[02 6] 02 o \z^-?M?tm : £~? r ?--?v>^J&M<n 

[027] mi^^ss^Jc^^^^^Kisxe^^j 
m^mcDmmm^'rya-^^-ho 

[02 8] ^l(7D^ifi^SgJC«^^)¥^^XS<7){&J 

wjj&<D^mm*ttyn--^ j r-- k 

[02 9] ^2C0^SS^{C^^^>*^^igXe^©J 

[030] m2co^sfi^sg^^t)^^^£!iaxecoM 
W5m^^yu-^y- ho 
[03 1] s^fiJu^aL-^ h^(D&mm%\ztt~?z>'m 

[03 2] ^2<D^SS^Si^^^^¥^^Xg<D^J 
W^ffi^^J^T^D-^- ho 

2 0 0-7X^ 

2 0 1 -t/HXA°^-> 

2 0 2-y<y>^ 

2 0 S-'-^Tta^ — — ^7 

2 0 4 — ^X^E"^— ^ 



[0 2] 

203 Hjta^r^^xr 204 7* -ax^ - 
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